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MOBILE COMMUNICATION SYSTEM, MOBILE 
TERMINAL, BASE STATION, RADIO NETWORK 
CONTROLLER, RETRANSMISSION CONTROL 
METHOD USED THEREIN, AND RECORDING 
MEDIUM HAVING PROGRAM FOR CARRYING 
OUT THE METHOD RECORDED THEREON 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to a retransmission 
control technique in a mobile communication system and, 
more particularly, to a mobile communication system which 
uses broadcast communication or multicast communication, 
a mobile terminal, base station, and radio network controller 
which constitute part of the system, a retransmission control 
method used therein, and a program therefor. 
0003 2. Description of the Related Art 
0004. In a mobile communication system such as a 
cellular mobile communication system, when there are 
many mobile terminals that receive the same service within 
a single cell, a base station or mobile terminal performs data 
transmission using a common channel of a radio network. 
Use of such a common channel contributes to effective 
utilization of radio resources. For example, Japanese Patent 
Laid-Open No. 2004-320481 describes use of this common 
channel. 

1. Field of the Invention 

0005. However, if a network provider is to provide a 
service by broadcast communication or multicast commu 
nication using a common channel, it is difficult for the 
network provider to provide the service to all mobile ter 
minals with almost equal reception quality. A mobile termi 
nal at the edge of a cell is particularly likely to suffer 
interference or a reduction in power which occurs during 
data transmission and often receives data with lower recep 
tion quality than other terminals. 
0006 When using a common channel, a base station 
cannot individually control mobile terminals with ease. For 
this reason, it is more difficult to avoid a reduction in data 
quality in data communication using a common channel than 
that using individual channels. 
0007 To cope with this, there can be considered combi 
nation of the common channel technique and a selective 
combining technique (or a soft combining technique). In this 
combined technique, a plurality of cells in a radio network 
are integrated into one or more groups in advance. All base 
stations (or Node-Bs) that belong to a single cell group 
simultaneously transmit identical data. In this case, a mobile 
terminal at the edge of a cell can also simultaneously receive 
identical data transmitted from an adjacent cell. Accord 
ingly, the combined technique moderates a reduction in 
reception data quality. 
0008. In the technique, when a terminal which belongs to 
a cell group detects an error in received data, it transmits a 
negative acknowledgment (NACK) to a base station. In 
response to the negative acknowledgment, all base stations 
that belong to the cell group perform data retransmission. 
More specifically, even when only terminals that belong to 
some cells within the cell group detect an error in received 
data, all the base stations within the cell group retransmit the 
data which the some terminals have failed to properly 
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receive. This data retransmission unnecessarily increases the 
traffic of cells to which only terminals having properly 
received the data belong. 
0009. As described above, when using a common chan 
nel at the time of broadcast transmission or multicast trans 
mission, unnecessary data retransmission may prevent effi 
cient use of network resources. 

0010 Under the circumstances, there is a need for a 
technique for improving the reception quality by using a 
selective combining technique (or a soft combining tech 
nique) while maintaining the advantage in using a common 
channel, i.e., efficient use of network resources. 

SUMMARY OF THE INVENTION 

0011. The first exemplary feature of the invention pro 
vides a mobile communication system which reduces unnec 
essary data retransmission. 
0012. According to the first aspect of the invention, there 

is provided the retransmission control method used in a 
mobile communication system including mobile terminals, 
base stations and the radio network controller which controls 
the base stations. When a data error is detected, a mobile 
terminal sends the 1st negative acknowledgement (NACK) 
to the base station. This first NACK includes cell identifi 
cation information (cell ID) which indicates the cell where 
the reception data is transmitted. When cell ID in this 1st 
NACK includes cell ID of a cell besides the cell which the 
base station itself manages, the base station sends the 2nd 
NACK to the radio network controller. This 2nd NACK 
includes the cell ID and the data number to specify the data 
in which the mobile terminal detected the data error. The 
radio network controller decides the BS where the data is to 
be retransmitted based on the cell IDs in the 2nd NACK and 
sends data retransmission request to the decided base sta 
tion. 

0013. According to the first aspect of the invention, the 
mobile terminal transmits a first negative acknowledgment 
to the base station upon detection of an error in received 
data. The base station determines on the basis of cell 
identification information in the first negative acknowledg 
ment from the mobile terminal whether to perform data 
retransmission alone. The determination is made by deter 
mining whether the cell identification information in the first 
negative acknowledgment indicates only a cell managed by 
the base station. 

0014 If the base station has to perform data retransmis 
sion along with a different base station, it transmits a second 
negative acknowledgment to the radio network controller. 
The radio network controller decides base stations which are 
to perform data retransmission on the basis of cell identifi 
cation information in the second negative acknowledgment 
and transmits a data retransmission request to the decided 
base stations. In the first aspect of the invention, abase 
station performs data retransmission only in a cell from 
which erroneous data is received by a mobile terminal. 
Accordingly, the first aspect of the invention Suppresses 
unnecessary data retransmission. 
00.15 According to the first aspect of the invention, it 
becomes possible for a radio network side to know a rough 
current position and data reception situation of the mobile 
terminal by including, in a negative acknowledgment, iden 
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tification information of a cell from which the data is 
received by the mobile terminal when the mobile terminal 
transmits the negative acknowledgment. Accordingly, in the 
first aspect of the invention, since the network side can select 
a base station or base stations which are to perform data 
retransmission by designating a cell, unnecessary data 
retransmission can be reduced. 

0016. According to the second exemplary aspect of the 
invention, in addition to the first aspect of the invention, the 
radio network controller transmits a data retransmission time 
to the decided base stations together with a data retransmis 
sion request. This allows data retransmission in which 
synchronization is maintained among a plurality of base 
stations. 

0017. Other features and aspects of the invention will 
become apparent from the following description of preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018 
0.019 FIG. 1 is a diagram showing the configuration of 
a radio network of a mobile communication system accord 
ing to an embodiment of the present invention; 
0020 FIG. 2 is a diagram showing an example of a cell 
group according to the embodiment of the present invention; 
0021 FIG. 3 is a block diagram showing an example of 
the configuration of a mobile terminal according to the 
embodiment of the present invention: 

In the accompanying drawings: 

0022 FIG. 4 is a block diagram showing an example of 
the configuration of a base station according to the embodi 
ment of the present invention; 
0023 FIG. 5 is a block diagram showing an example of 
the configuration of a radio network controller according to 
the embodiment of the present invention; 
0024 FIG. 6 is a sequence chart showing data retrans 
mission operation in the mobile communication system 
according to the embodiment of the present invention; 
0.025 FIG. 7 is a chart showing an example of a corre 
spondence table of data numbers and sequence numbers 
accumulated in a mobile terminal, base station, and radio 
network controller; 
0026 FIG. 8A is a flowchart showing the operation of a 
mobile terminal according to the embodiment of the present 
invention; 
0027 FIG. 8B is a flowchart showing the operation of a 
base station according to the embodiment of the present 
invention; and 
0028 FIG. 8C is a flowchart showing the operation of a 
radio network controller according to the embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0029. An embodiment of the present invention will be 
explained with reference to the drawings. 
0030 FIG. 1 shows the configuration of a radio network 
of a mobile communication system according to an embodi 
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ment of the present invention. In FIG. 1, the mobile com 
munication system according to this embodiment is com 
posed of mobile terminals (MTs) 1-1 and 1-2, base stations 
(NBs) 2-1 and 2-2, and a radio network controller (RNC) 3. 
Note that in FIG. 1, each mobile terminal is abbreviated as 
“MT, each base station, “NB', and the radio network 
controller. “RNC. In the following explanation, the base 
station may also be abbreviated as "Node-B.' 
0031. In FIG. 1, the mobile terminal 1-1 is located within 
a cell A designated by reference numeral 301 and receives 
data transmitted from the base station 2-1. The mobile 
terminal 1-1 also receives data from the base station 2-2. 
That is, the mobile terminal 1-1 receives identical data 
almost simultaneously from the two base stations 2-1 and 
2-2. The mobile terminals 1-2 and 1-3 are located within a 
cell B designated by reference numeral 302 and communi 
cates only with the radio base station 2-2. 
0032) The mobile terminals (MTs) 1-1 to 1-3 each have 
a function of transmitting data and a function of receiving 
identical data transmitted from a plurality of base stations 
and performing the process of selecting from among (or 
combining) the received data and the process of detecting an 
error in the received data. The mobile terminals 1-1 to 1-3 
also each have a function of, if it detects an error (or 
uncorrectable error) in any of the data received from the base 
station 2-1 and/or 2-2 through a common channel, transmit 
ting to the base station(s) a negative acknowledgment 
requesting retransmission of the data. The negative 
acknowledgment contains the identification information of a 
cell (e.g., a cell ID) from which the data is received. The 
negative acknowledgment also contains a sequence number 
for specifying the data requiring retransmission. 
0033. The mobile terminals 1-1 to 1-3 may further each 
have a function of abandoning unsolicited retransmitted 
data. Each terminal may receive data which has previously 
been normally received. If each terminal again receives data 
which has already been received, it abandons the reobtained 
data using the function. 
0034) Moreover, the mobile terminals 1-1 to 1-3 may 
each have a function of holding received incomplete data for 
a predetermined time after transmitting a negative acknowl 
edgment and then abandoning the data. 
0035. The base stations 2-1 and 2-2 each have a function 
of transmitting and receiving data, a function of analyzing a 
negative acknowledgment transmitted from each of the 
mobile terminals 1-1 to 1-3 and determining whether to 
perform data retransmission now or to transmit the negative 
acknowledgment to the radio network controller 3, and a 
function of performing retransmission control. The base 
stations 2-1 and 2-2 also each have a buffer for retaining 
transmitted data for a predetermined time to perform retrans 
mission control. Additionally, the base stations 2-1 and 2-2 
each have a function of erasing the transmitted data after a 
lapse of the predetermined time. The base stations 2-1 and 
2-2 further each manage a sequence number-data number 
correspondence table used for retransmission control. A data 
number (to be described later) is attached to a negative 
acknowledgment transferred to the radio network controller 
3. Each base station can convert a sequence number to a data 
number by referring to the correspondence table. 
0036) The radio network controller 3 decides, for each 
data number, base stations which are to perform data retrans 
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mission from cell identification information contained in 
negative acknowledgments transferred from base stations. 
The radio network controller 3 issues a data retransmission 
request to the decided base stations. At the time of the data 
retransmission request, the radio network controller 3 may 
tell a time for transmitting retransmission data to the decided 
base stations. 

0037. The mobile terminals 1-1 to 1-3, base stations 2-1 
and 2-2, and radio network controller 3 shown in FIG. 1 
each have many functions in addition to the above-described 
functions. Since these many functions are well known to the 
skilled persons in the art and are not directly related to the 
present invention, a detailed explanation thereof will be 
omitted. 

0038 FIG. 2 is a diagram showing a cell group according 
to the embodiment of the present invention. FIG. 2 shows a 
cell group 400 into which a plurality of cells are integrated. 
In FIG. 2, “NB” represents a base station, and “RNC 
represents a radio network controller. Base stations and 
mobile terminals transmit and receive data in cells under the 
direct or indirect control of the radio network controller 3. 
In a selective combining technique or soft combining tech 
nique, base stations simultaneously transmit identical data in 
all cells within the cell group 400. Note that in FIG. 2, the 
mobile terminal 1-1 (not shown) is located within the cell A 
(301), similarly to FIG. 1. 
0039. In broadcast communication or multicast commu 
nication, a radio network provides services to many cells and 
many mobile terminals. Each base station (NB) transmits 
data using a common channel. The radio network controller 
3 attaches a data number to broadcast or multicast data and 
distributes the data to base stations. 

0040. When the mobile terminal 1-1 detects an error in 
received data, it transmits the identification number(s) of a 
cell (or cells) from which the data is received to the base 
station 2-1, to which the mobile terminal 1-1 belongs, 
together with a negative acknowledgment. 
0041. Upon receipt of the negative acknowledgment, the 
base station 2-1 checks the cell identification information 
contained in the negative acknowledgment. If the mobile 
terminal 1-1 has received data from a plurality of cells (e.g., 
the cell identification information in the negative acknowl 
edgment includes the cell identification information of the 
cell B (302), which is not managed by the base station 2-1), 
the base station 2-1 transfers the negative acknowledgment 
to the radio network controller 3. The negative acknowledg 
ment transferred to the radio network controller 3 contains 
the data number of the data requiring retransmission and the 
identification numbers of the cells received from the mobile 
terminal 1-1. 

0.042 Since the mobile terminal 1-2 receives data only 
from the base station 2-2, a negative acknowledgment which 
the base station 2-2 receives from the mobile terminal 1-2 
contains only the cell identification information of the cell B 
(302) managed by the base station 2-2. In this case, the base 
station 2-2 alone retransmits data to the mobile terminal 1-2. 

0043. The radio network controller 3 having received the 
negative acknowledgment from the base station 2-1 checks 
the negative acknowledgment. The radio network controller 
3 then specifies the base stations which manage the cells 
corresponding to the cell identification information in the 
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negative acknowledgment. The radio network controller 3 
transmits a data retransmission request, the data number. It 
is favorable that the RNC also send a data retransmission 
time along with the data retransmission request to the base 
stations specified in this manner. For example, a transmis 
sion frame number in a base station can be used as a 
retransmission time. Alternatively, in the case of a system in 
which synchronization is maintained among base stations 
using a method such as the Global Positioning System 
(GPS), a transmission time or the like can be used as a 
retransmission timing signal. 
0044) Upon receipt of the data retransmission request 
from the radio network controller 3, each of the base 
stations. identifies the data requiring retransmission using 
the designated data number and retransmits data to the 
mobile terminal 1-1 at the designated time. 
0045 FIG. 3 is a block diagram showing an example of 
the configuration of a mobile terminal according to the 
embodiment of the present invention. In FIG. 3, a mobile 
terminal 1 includes a CPU (Central Processing Unit) 11, a 
main memory 12, a storage device 13, a radio transmitter 
receiver 15, and an antenna 16. 

0046) The main memory 12 stores a control program 12a 
to be executed by the CPU 11. The storage device 13 
includes a data buffer 131 and a sequence number table 132. 
The data buffer 131 temporarily holds received data. The 
sequence number table 132 holds a sequence number. The 
radio transmitter-receiver 15 performs communication with 
a base station. 

0047. In the mobile terminal 1, an internal bus 110 
interconnects the CPU 11, main memory 12, storage device 
13, and radio transmitter-receiver 15. 

0048. Note that the configurations of the mobile terminals 
1-1 to 1-3 are the same as that of the mobile terminal 1 in 
FIG. 3. The CPU 11 implements the above-described func 
tions of each mobile terminal by executing the control 
program 12a. 

0049 FIG. 4 is a block diagram showing an example of 
the configuration of a base station according to the embodi 
ment of the present invention. In FIG. 4, a radio base station 
2 includes a CPU (Central Processing Unit) 21, a main 
memory 22, a storage device 23, a radio network controller 
side communication controller 24, a radio communication 
controller 25, and an antenna 26. 

0050. The main memory 22 stores a control program 22a 
to be executed by the CPU 21. The storage device 23 
includes a data buffer 231 and a sequence number-data 
number correspondence table 232. The data buffer 231 
temporarily holds transmitted data. The sequence number 
data number correspondence table 232 holds the correspon 
dence between sequence numbers and data numbers. The 
radio network controller-side communication controller 24 
controls communication with the radio network controller 3 
side. The radio communication controller 25 controls com 
munication with a mobile terminal. 

0051. In the base station 2, an internal bus 210 intercon 
nects the CPU 21, main memory 22, storage device 23, radio 
network controller-side communication controller 24, and 
radio communication controller 25. Note that the configu 
rations of the base stations 2-1 and 2-2 in FIG. 1 are the 
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same as that of the base station 2 in FIG. 4. The CPU 21 
implements the above-described functions of each base 
station by executing the control program 22a. 
0.052 FIG. 5 is a block diagram showing an example of 
the configuration of a radio network controller (RNC) 
according to the embodiment of the present invention. In 
FIG. 5, the radio network controller 3 includes a CPU 31, 
a main memory 32, a storage device 33, a base station-side 
communication controller 34, and a Switching center-side 
communication controller 35. 

0053. The main memory 32 stores the control program 
32a to be executed by the CPU 31. 
0054 The storage device 33 includes a retransmission 
information holding unit 331 and a mobile terminal infor 
mation holding unit 332. The retransmission information 
holding unit 331 holds retransmission information including 
a data number. The mobile terminal information holding unit 
332 holds mobile terminal information including the posi 
tion information of the mobile terminals 1-1 to 1-3. The base 
station-side communication controller 34 controls commu 
nication with the base station 2-1 side and the base station 
2-2 side. The Switching center-side communication control 
ler 35 controls communication with a switching center (not 
shown) side. 
0055. In the radio network controller 3, an internal bus 
310 interconnects the CPU 31, main memory 32, storage 
device 33, base station-side communication controller 34, 
and switching center-side communication controller 35. The 
CPU 31 implements the above-described functions of the 
radio network controller 3 by executing the control program 
32a. 

0056 FIG. 6 is a sequence chart for explaining data 
retransmission operation in the mobile communication sys 
tem according to the embodiment of the present invention. 
The data retransmission operation in the mobile communi 
cation system according to the embodiment of the present 
invention will be explained with reference to FIGS. 1 to 6. 
Note that FIG. 6 shows the data retransmission procedure in 
the mobile communication system when the mobile terminal 
1-1 receives data from the base stations 2-1 and 2-2. 

0057 The mobile terminal 1-1 receives data which the 
base stations transmit by broadcast or multicast. When the 
mobile terminal 1-1 detects an error in received data (a1 in 
FIG. 6), it transmits a negative acknowledgment to the base 
station 2-1 (a2 in FIG. 6). At this time, the negative 
acknowledgment contains the sequence number of the data 
having the detected error and the identification information 
of cells from which the mobile terminal 1-1 has received the 
data. The mobile terminal 1-1 may be configured not to 
transmit a negative acknowledgment if it detects no error in 
at least one of data from the base station 2-1 and that from 
the base station 2-2. 

0.058. The base station 2-1 checks the cell identification 
information in the negative acknowledgment and decides a 
cell in which data retransmission is to be performed (a3 in 
FIG. 6). When the mobile terminal 1-1 has received the data 
from the plurality of base stations, the base station 2-1 
transfers the negative acknowledgment to the radio network 
controller 3 (a4 in FIG. 6). The negative acknowledgment 
transferred to the radio network controller 3 contains a data 
number and the cell identification information. For example, 
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in the case of FIG. 1, the negative acknowledgment contains 
the cell identification information of the cell A (301) and that 
of the cell B (302). Since the base station 2-1 does not 
manage the cell B (302), it transfers the negative acknowl 
edgment from the mobile terminal 1-1 to the radio network 
controller 3. 

0059 When the negative, acknowledgment is transferred 
from the base station 2-1, the radio network controller 3 
checks the cell identification information in the negative 
acknowledgment. The radio network controller 3 decides 
cells which are to perform data retransmission (as in FIG. 
6). The radio network controller 3 transmits a data retrans 
mission time to the base stations 2-1 and 2-2, which manage 
the decided cells, together with a data retransmission request 
(a6 and a7 in FIG. 6). Upon receipt of the data retransmis 
sion request from the radio network controller 3, the base 
stations 2-1 and 2-2 each retransmit the designated data at 
the designated time (a8 and a9 in FIG. 6). 
0060 FIG. 7 is a chart showing the correspondence 
between data numbers and sequence numbers according to 
the embodiment of the present invention. A column headed 
“MT in FIG. 7 shows examples of a sequence number held 
in the mobile terminal 1 (“61,”“62,”“63,”“64,”“65,”“66, 
and “67). A column headed “NB' in FIG. 7 shows an 
example of the correspondence between sequence numbers 
(“61,”“62,”“63,”“64,”“65,”“66,” and “67) and data num 
bers (“1,”“2,”“3,”“4,”“5,”“6,” and “7”) held in the base 
station 2. A column headed “RNC in FIG. 7 shows data 
numbers held in the radio network controller 3 (“1,”“2,”“3, 
*4,”“5,”“6” and “7”). 
0061 A common data number is used between the radio 
network controller 3 and base stations under its control. A 
sequence number which is an identifier different from data 
numbers is used between the mobile station 1 and the base 
station 2 to perform data retransmission. The base station 2 
manages a correspondence table of data numbers and 
sequence numbers (see the column headed NB in FIG. 7). 
The base station 2 checks a data number corresponding to a 
received negative acknowledgment using the correspon 
dence table and transmits the data number to the radio 
network controller 3 together with cell identification infor 
mation. 

0062) The operations directly related to the present inven 
tion of a mobile terminal, base station, and radio network 
controller will be explained with reference to FIGS. 8A, 8B, 
and 8C. Note that in the following explanation, an arbitrary 
one of the mobile terminals 1-1 to 1-3 is represented as the 
mobile terminal 1, and an arbitrary one of the base stations 
2-1 and 2-2 is represented as the base station 2. 
0063 FIG. BA is a flowchart for explaining the operation 
of a mobile terminal according to the embodiment of the 
present invention. 
0064. In step S11 of FIG. 8A, the mobile terminal 1 
receives data from the base station 2. 

0065. In step S12, the mobile terminal 1 determines 
whether the received data is addressed to the mobile termi 
nal 1. If the received data is not addressed to it, the 
processing of the mobile terminal 1 returns to step S11 to 
wait for receipt of next data. At this time, the mobile 
terminal 1 abandons the received data. For example, if the 
received data is not retransmission data which the mobile 
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terminal 1 itself requests, the mobile terminal 1 abandons the 
received data. If the received data is addressed to the mobile 
terminal 1, the processing thereof advances to step S13. 
0066. In step S13, the mobile terminal 1 detects the 
presence or absence of an error (or an uncorrectable error) 
in the received data. If an error is detected, the mobile 
terminal 1 transmits in return a negative acknowledgment to 
the base station 2 in step S14. The negative acknowledgment 
includes, the sequence number of the data having the 
detected error and the dell identification information indi 
cating one or a plurality of cells from which the mobile 
terminal 1 receives the data. After that, the processing of the 
mobile terminal 1 returns to step S11. 
0067. If it is determined in step S13 that there is no error 
in the received data, the processing of the mobile terminal 1 
returns to step S11. 
0068 FIG. 8B is a flowchart for explaining the operation 
of a base station according to the embodiment of the present 
invention. FIG. 8B shows operation when a base station 
receives a negative acknowledgment from a mobile termi 
nal. 

0069. When the base station 2 receives a negative 
acknowledgment from the mobile terminal 1 (step S21 of 
FIG. 8B), it checks the contents of the negative acknowl 
edgment (step S22 of FIG. 8B). If the cell identification 
information in the negative acknowledgment indicates only 
a cell (or cells) that is (are) managed by the base station 2. 
the base station 2 performs data retransmission to the mobile 
terminal 1 (step S23 of FIG. 8B). 
0070 If the cell identification information in the negative 
acknowledgment from the mobile terminal 1 contains the 
cell identification information of a cell other than the cell(s) 
managed by the base station 2 (NO in step S22), the base 
station 2 transmits a negative acknowledgment to the radio 
network controller 3 (step S24 of FIG. 8B). The negative 
acknowledgment transferred to the radio network controller 
3 contains the data number of data requiring retransmission 
and the cell identification information. 

0071. As described above, upon receipt of the negative 
acknowledgment, the radio network controller 3 requests 
retransmission of the data, for which the negative acknowl 
edgment is meant, from a base station corresponding to the 
cell identification information contained in the negative 
acknowledgment. At this time, the radio network controller 
3 notifies the base station of the data number of the data, for 
which the retransmission request is meant for, and a data 
retransmission time. 

0072. Upon receipt of the data retransmission request 
from the radio network controller 3, the base station 2 
retransmits the designated data at the designated time (step 
S25 of FIG. 8B). With this operation, the mobile terminal 1 
can receive identical data simultaneously retransmitted in a 
plurality of cells. 
0073 FIG. 8C is a flowchart for explaining the operation 
of a radio network controller according to the embodiment 
of the present invention. 
0074) In step S31, the radio network controller3 receives 
a negative acknowledgment from one or more base stations. 
Then, the radio network controller 3 checks cell identifica 
tion information contained in the negative acknowledgment 
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and decides base stations which are to perform data retrans 
mission (step S32 of FIG. 8C). The radio network controller 
3 decides, for each data number, a base station which is to 
perform data retransmission. In step S33, the radio network 
controller 3 issues a retransmission request to the decided 
base station or each of the decided base stations. A retrans 
mission request contains the data number of data to be 
retransmitted and a data retransmission time. 

0075. As described above, in this embodiment, when 
each mobile terminal detects an error in received data, it 
transmits, to a corresponding base station, a negative 
acknowledgment containing the identification information 
of a cell from which the data is received. If the mobile 
terminal has received the data only from the base station, the 
base station alone performs data retransmission to the 
mobile terminal. If the mobile terminal has received the data 
from a plurality of base stations, the base station transfers 
the negative acknowledgment to the radio network control 
ler 3. 

0076. In this embodiment, when the radio network con 
troller 3 receives a negative acknowledgment from a base 
station, it causes only a base station involved to perform data 
retransmission. A base station managing a cell in which data 
retransmission is unnecessary does not perform data retrans 
mission. This embodiment also makes it possible to transmit 
a data retransmission time together with a data retransmis 
sion request. This implements data retransmission in which 
synchronization is maintained among a plurality of base 
stations. 

0077. Therefore, this embodiment implements retrans 
mission control using selective combining or soft combining 
and improves the reception quality at the time of service 
provision by broadcast or multicast. 

0078. The present invention can also be applied to a 
system using a code division multiple access Such as Wide 
band Code Division Multiple Access (W-CDMA). An 
example in the third generation mobile communication 
system will be explained below. 

0079. As a method of providing broadcast and multicast 
services in the mobile communication system, there is 
available Multimedia Broadcast Multicast Service (MBMS). 
MBMS uses a Point-to-Multipoint (PtM) link in which data 
is distributed among a plurality of users and a Point-to-Point 
(PtP) link in which data is individually distributed. 

0080. At the time of service provision through a PtMlink 
of MBMS, selective combining or soft combining is used to 
ensure good quality of data for a mobile terminal at the edge 
of a cell. When either of these techniques is used, a plurality 
of cells form a cell group. In all cells that belong to the cell 
group, base stations simultaneously transmit identical data. 
In this case, a mobile terminal at the edge of a cell can also 
receive data transmitted from a base station of an adjacent 
cell. Accordingly, the mobile terminal can improve the 
quality of received data by performing the process of 
selecting from among (or combining) the received data and 
the process of correcting an error in the received data. 

0081. An example of retransmission control performed 
by a base station in a system using a selective combining 
technique or soft combining technique will be explained 
below. 
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0082) When a mobile terminal which receives a service 
provided by broadcast or multicast using MBMS detects an 
error in received data, it transmits a negative acknowledg 
ment to a base station. 

0083) If the mobile terminal is one which is located at the 
edge of a cell and receives data in a plurality of cells, it 
transmits a negative acknowledgment to a base station 
which manages the cell, in which the mobile terminal is 
currently located. The negative acknowledgment contains 
the cell IDs of all of cells from which the mobile terminal 
currently receives data. For example, a Random Access 
Channel (RACH) maybe available as a common channel 
used by the mobile terminal to transmit a negative acknowl 
edgment. 

0084. Upon receipt of a negative acknowledgment from 
the mobile terminal, the base station checks a cell ID (cell 
IDs) in the negative acknowledgment. If the cell ID or each 
of the cell IDs indicates only a cell under the control of the 
base station, the base station alone performs data retrans 
mission. 

0085. If the mobile terminal has received the data from a 
plurality of cells, the base station transfers the negative 
acknowledgment to the radio network controller 3. The 
negative acknowledgment transferred to the radio network 
controller 3 contains a data number and cell IDs. 

0086. Upon receipt of the negative acknowledgment, the 
radio network controller 3 requests retransmission of the 
data, for which the negative acknowledgment is meant, from 
a base station which manages a cell corresponding to each 
of the cell IDS contained in the negative acknowledgment. 
At this time, the radio network controller 3 notifies the base 
station of a BFN (Node-B Frame Number) indicating a time 
for data retransmission as a part of the data retransmission 
request Such that data retransmission is performed simulta 
neously in the cells. The base station having received the 
data retransmission request retransmits the designated data 
at the designated data retransmission time. 

0087 As a method of performing retransmission control 
by a base station alone, the function of MAC-hs (Medium 
Access Control-high speed) in High Speed Downlink Packet 
Access (HSDPA) can also be used. 

0088 A BFN described above can be used instead of a 
data number to be used between each of the base stations 2-1 
and 2-2 and the radio network controller 3. In this case, the 
values of BFNs differ depending on the base stations 2-1 and 
2-2. Accordingly, the radio network controller 3 calculates 
the values of the BFNs such that data transmission times in 
the base stations 2-1 and 2-2 are aligned with each other and 
then notifies the base stations 2-1 and 2-2 of the calculation 
results as retransmission timing signals. 

0089 While this invention has been described in connec 
tion with certain exemplary embodiments, it is to be under 
stood that the Subject matter encompassed by way of this 
invention is not be limited to those specific embodiments. 
On the contrary, it is intended for the subject matter of the 
invention to include all alternatives, modifications and 
equivalents as can be included with the sprit and scope of the 
following claims. Further, the inventors intent is to retain all 
equivalents even if the claims are amended during prosecu 
tion. 
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What is claimed is: 
1. A mobile communication system including at least one 

mobile terminal, a plurality of base stations, and a radio 
network controller, said mobile terminal transmitting a first 
negative acknowledgment to said base station upon detec 
tion of an error in received data, said base station retrans 
mitting the data concerned upon receipt of the first negative 
acknowledgment, said radio network controller controlling 
said base station, 

wherein said mobile terminal includes 

a first negative acknowledgment transmission unit that 
attaches, to the first negative acknowledgment, cell 
identification information of a cell from which the 
received data is received upon detection of the error in 
the received data, 

each of said base station includes 

a determination unit that determines whether said cell 
identification information in said first negative 
acknowledgment includes only cell identification infor 
mation of a cell managed by said base station, and 

a second negative acknowledgment transmission unit that 
transmits a second negative acknowledgment to said 
base station if said determination unit determines that 
said cell identification information in said first negative 
acknowledgment includes cell identification informa 
tion of a cell other than a cell managed by said base 
station, said second negative acknowledgment contain 
ing a data number for specifying the received data 
having said error detected by said mobile terminal and 
said cell identification information, and 

said radio network controller includes 

a decision unit that decides base stations which are to 
perform data retransmission on the basis of the cell 
identification information in said second negative 
acknowledgment, and 

a data retransmission request unit that transmits a data 
retransmission request to said decided base station. 

2. The mobile communication system according to claim 
1, wherein 

said second negative acknowledgment transmission unit 
transmits a data retransmission time together with said 
second negative acknowledgment. 

3. The mobile communication system according to claim 
1, wherein 

said base station further comprises a retransmission data 
transmission unit that transmits retransmission data to 
said mobile terminal if the cell identification informa 
tion in said first negative acknowledgment includes 
only cell identification information indicating a cell 
managed by said base station. 

4. The mobile communication system according to claim 
2, wherein 

said base station further comprises a retransmission data 
transmission unit that transmits retransmission data to 
said mobile terminal if the cell identification informa 
tion in said first negative acknowledgment includes 
only cell identification information indicating a cell 
managed by said base station. 
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5. The mobile communication system according to claim 
1, wherein 

said base station further has a transmission unit that 
performs data distribution to said mobile terminal by 
one of broadcast and multicast. 

6. The mobile communication system according to claim 
2, wherein 

said base station further has a transmission unit that 
performs data distribution to said mobile terminal by 
one of broadcast and multicast. 

7. A mobile terminal in a mobile communication system 
including a mobile terminal and a plurality of base stations, 
the mobile terminal transmitting a first negative acknowl 
edgment to the base station upon detection of an error in 
received data, the base station retransmitting the data con 
cerned upon receipt of said first negative acknowledgment, 
said mobile terminal comprising: 

a detection unit that detects said error in the received data; 
and 

a negative acknowledgment transmission unit that, upon 
detection of the error in the data, transmits, to said base 
station, said first negative acknowledgment, which con 
taining cell identification information indicating a cell 
from which the received data is received. 

8. The mobile terminal according to claim 7, wherein the 
data is distributed from the base station to the terminal by 
one of broadcast and multicast. 

9. A base station in a mobile communication system 
including a mobile terminal, a plurality of base stations, and 
a radio network controller, the mobile terminal transmitting 
a first negative acknowledgment to the base station upon 
detection of an error in received data, the base station 
retransmitting the data concerned upon receipt of the first 
negative acknowledgment, the radio network controller con 
trolling the base station, each of said base stations compris 
1ng: 

a determination unit that determines whether cell identi 
fication information in the first negative acknowledg 
ment includes only cell identification information of a 
cell managed by the base station; and 

a second negative acknowledgment transmission unit that 
transmits a second negative acknowledgment to the 
radio network controller if said determination unit 
determines that the cell identification information in the 
first negative acknowledgment includes cell identifica 
tion information of a cell other than a cell managed by 
the base station, the second negative acknowledgment 
containing a data number for specifying the received 
data having the error detected by the mobile terminal 
and the cell identification information. 

10. The base station according to claim 9, further com 
prising 

a retransmission data transmission unit that transmits 
retransmission data to the mobile terminal if the cell 
identification information in the first negative acknowl 
edgment includes only cell identification information 
indicating a cell managed by the base station. 

11. The base station according to claim 9, further having 
a distribution unit that performs data distribution to 

mobile terminals by one of broadcast and multicast. 
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12. A radio network controller in a mobile communication 
system including a mobile terminal, a base station, and a 
radio network controller, the mobile terminal transmitting a 
first negative acknowledgment to the base station upon 
detection of an error in received data, the base station 
retransmitting the data concerned upon receipt of the first 
negative acknowledgment, the radio network controller con 
trolling the base station, said radio network controller com 
prising: 

a decision unit that receives from the base station a second 
negative acknowledgment containing a data number 
specifying the data having the error detected by the 
mobile terminal and cell identification information 
indicating a cell from which the data is received by the 
mobile terminal and decides, for each of the data 
numbers, base stations which are to perform data 
retransmission on the basis of the cell identification 
information in the second negative acknowledgment; 
and 

a data retransmission request unit that transmits a data 
retransmission request to the decided base stations. 

13. The radio network controller according to claim 12, 
wherein said data retransmission request unit transmits a 
data retransmission time in addition to the retransmission 
request. 

14. A retransmission control method used in a mobile 
communication system including a mobile terminal, a plu 
rality of base stations, and a radio network controller, the 
mobile terminal transmitting a first negative acknowledg 
ment to one of the base stations upon detection of an error 
in received data, the base station retransmitting the data 
concerned upon receipt of the first negative acknowledg 
ment, and the radio network controller controlling the base 
station, wherein 

(A) the mobile terminal transmits the first negative 
acknowledgment upon detection of the error in the 
received data, and the first negative acknowledgment 
contains cell identification information indicating a cell 
from which the received data is received, 

(B) the base station transmits a second negative acknowl 
edgment to the radio network controller if the cell 
identification information in the first negative acknowl 
edgment includes cell identification information of a 
cell other than a cell managed by the base station, and 
the second negative acknowledgment contains a data 
number for specifying the data having the error 
detected by the mobile terminal and the cell identifi 
cation information, and 

(C) the radio network controller decides base stations 
which are to perform data retransmission on the basis 
of the cell identification information in the second 
negative acknowledgment and transmits a data retrans 
mission request to the decided base stations. 

15. The retransmission control method according to claim 
14, wherein 

the radio network controller transmits a data retransmis 
sion time to the decided base stations in addition to the 
data retransmission request in said step (C). 

16. The retransmission control method according to claim 
14, wherein 
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the base station transmitting retransmission data to the 
mobile terminal in said step (B) if the cell identification 
information in the first negative acknowledgment 
includes only cell identification information indicating 
a cell managed by the base station. 

17. The retransmission control method according to claim 
15, wherein 

the base station transmitting retransmission data to the 
mobile terminal in said step (B) if the cell identification 
information in the first negative acknowledgment 
includes only cell identification information indicating 
a cell managed by the base station. 

18. The retransmission control method according to claim 
14, wherein 

the base station performs data distribution to the mobile 
terminal by one of broadcast and multicast in said step 
(B). 

19. The retransmission control method according to claim 
15, wherein 

the base station performs data distribution to the mobile 
terminal by one of broadcast and multicast in said step 
(B). 

20. A retransmission control method for a mobile terminal 
in a mobile communication system including said mobile 
terminal and a base station, said mobile terminal transmit 
ting a first negative acknowledgment to the base station 
upon detection of an error in received data from the base 
station, the base station retransmitting the data concerned 
upon receipt of the first negative acknowledgment, said 
method comprising the steps of 

(A)detecting the error in the received data; and 
(B)transmitting, to the base station, a negative acknowl 
edgment containing cell identification information indi 
cating a cell from which the received data is received 
upon detection of the error in the received data. 

21. The method according to claim 20, wherein the data 
is distributed from the base station to mobile terminals by 
one of broadcast and multicast. 

22. A retransmission control method for a base station in 
a mobile communication system including a mobile termi 
nal, said base station, and a radio network controller, the 
mobile terminal transmitting a first negative acknowledg 
ment to one of said plurality of base stations upon detection 
of an error in received data, the base station retransmitting 
the data concerned upon receipt of the first negative 
acknowledgment, the radio network controller controlling 
the base station, said method comprising the steps of: 

(A)transmitting data to the mobile terminal; 

(B) determining whether cell identification information in 
the first negative acknowledgment includes only cell 
identification information of a cell managed by the base 
station; and 

(C) transmitting a second negative acknowledgment to the 
base station if the determination step determines that 
the cell identification information in the first negative 
acknowledgment includes cell identification informa 
tion of a cell other than a cell managed by the base 
station, the second negative acknowledgment contain 
ing a data number for specifying the received data 
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having the error detected by the mobile terminal and 
the cell identification information. 

23. The method according to claim 22, further comprising 
a step of 

transmitting retransmission data to the mobile terminal if 
the cell identification information in the first negative 
acknowledgment includes only cell identification infor 
mation indicating a cell managed by the base station. 

24. The method according to claim 22, wherein 
said step (A) performs data distribution to the mobile 

terminal by one of broadcast and multicast. 
25. A retransmission control method for a radio network 

controller in a mobile communication system including a 
mobile terminal, a plurality of base stations, and said radio 
network controller, the mobile terminal transmitting a first 
negative acknowledgment to the base station upon detection 
of an error in received data, the base station retransmitting 
the data concerned upon receipt of the first negative 
acknowledgment, the radio network controller controlling 
the base station, said method comprising the steps of: 

(A) receiving, from said plurality of base stations, a 
second negative acknowledgment containing a data 
number specifying the data having the error detected by 
the mobile terminal and cell identification information 
indicating a cell from which the data is received by the 
mobile terminal; 

(B) deciding, for each of the data numbers, base stations 
which are to perform data retransmission on the basis 
of the cell identification information in the second 
negative acknowledgment; and 

(C) transmitting a data retransmission request to the 
decided base stations. 

26. The method according to claim 25, wherein 
said step (C) transmits a data retransmission time in 

addition to the retransmission request. 
27. A recording medium having recorded thereon a pro 

gram for a retransmission control method used in a mobile 
communication system including a mobile terminal and a 
base station that, when the mobile terminal detects an error 
in received data, performs retransmission of the data con 
cerned, the program being for causing a computer to operate 
as the mobile terminal, the program comprising the steps of 

(A) receiving data from the base station; 
(B) detecting an error in the received data; and 
(C) transmitting, if an error is detected in the received 

data, a negative acknowledgment to the base station 
together with cell identification information indicating 
a cell from which the data concerned is received and 
information specifying the data concerned. 

28. A recording medium having recorded thereon a pro 
gram for a retransmission control method used in a mobile 
communication system including a mobile terminal, a base 
station that, when the mobile terminal detects an error in 
received data, performs retransmission of the data con 
cerned, and a radio network controller that controls the base 
station, the program being for causing a computer to operate 
as the base station, the program comprising the steps of: 

(A) determining whether cell identification information in 
a first negative acknowledgment includes cell identifi 
cation information of a cell other than a cell managed 
by the base station; and 
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(B) transmitting a second negative acknowledgment to 
said radio network controller if the first step determines 
that the cell identification information in the first nega 
tive acknowledgment includes cell identification infor 
mation of a cell other than a cell managed by the base 
station, the second step including, in the second nega 
tive acknowledgment, a data number for specifying the 
received data having the error detected by the mobile 
terminal and the cell identification information. 

29. The recording medium according to claim 28, wherein 
the program further comprises a step of: 
transmitting retransmission data to the mobile terminal in 

said step (A), if the cell identification information in the 
first negative acknowledgment includes only cell iden 
tification information indicating a cell managed by the 
base station. 

30. A recording medium having recorded thereon a pro 
gram for a retransmission control method used in a mobile 
communication system including a mobile terminal, a base 
station that, when the mobile terminal detects an error in 
received data, performs retransmission of the data con 
cerned, and a radio network controller that controls the base 
station, the program being for causing a computer to operate 
as the radio network controller, the program comprising the 
steps of 

(A) receiving a negative acknowledgment containing a 
data number specifying the received data having the 
error detected by the mobile terminal and cell identi 
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fication information indicating a cell from which the 
data is received by the mobile terminal; 

(B) deciding base stations which are to perform data 
retransmission on the basis of the cell identification 
information in the negative acknowledgment; and 

(C) transmitting a data retransmission request to the 
decided base stations. 

31. The recording medium according to claim 30, wherein 
said step (C) transmits a data retransmission time in addition 
to the data retransmission request. 

32. A mobile communication system that, when a mobile 
terminal detects an error in received data, performs retrans 
mission of the data concerned from a base station, 

wherein identification information of a cell from which 
the data having the detected error is received is 
included in a negative acknowledgment transmitted 
when the mobile terminal detects the error. 

33. A retransmission control method used in a mobile 
communication system that, when a mobile terminal detects 
an error in received data, performs retransmission of the data 
concerned from a base station, 

wherein identification information of a cell from which 
the data having the detected error is received is 
included in a negative acknowledgment transmitted 
when the mobile terminal detects the error. 


